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INTRODUCTION 

P r o j e c t e d  shor tages o f  l i q u i d  f u e l s  have l e d  r e f i n e r i e s  t o  " look deeper 
Thus, t h e  heavy ends o f  
It i s ,  however, t h e  

i n t o  t h e  b a r r e l "  f o r  f u r t h e r  sources o f  hydrocarbon l i q u i d s .  
pe t ro leum a r e  assuming a " p o p u l a r i t y "  never b e f o r e  imagined. 
m i s f o r t u n e  of t hese  h e a v i e r  f r a c t i o n s  t o  be r i c h  i n  t h e  asphal tene p o r t i o n  o f  
pe t ro leum which i s  n o t  very amenable t o  r e f i n e r y  processes and i s  u s u a l l y  respons ib le  
f o r  coke lay-down and c a t a l y s t  i n e f f i c i e n c y .  Thus, a cons ide rab le  e f f o r t  has been 
a p p l i e d  t o  d e f i n i n g  asphal tenes i n  terms o f  s t r u c t u r a l  and f u n c t i o n a l  m o i e t i e s  on t h e  
presumpt ion t h a t  knowledge o f  t h e  s t r u c t u r e  w i l l  a s s i s t  i n  t h e  des ign o f  s u i t a b l e  
convers ion sequences i n  t h e  r e f i n e r y .  

o f  pet ro leum res idua,  bitumens and t h e  l i k e  i n  v a r i o u s  so l ven ts  ( 1 , 2 , 3 )  and t h e r e  has 
been cons ide rab le  s c i e n t i f i c  e f f o r t  t o  f u r t h e r  d e f i n e  asphal tenes i n  terms o f  
mo lecu la r  s t r u c t u r e s  (4,5,6). Never the less,  it must always be recognized t h a t  
asphal tenes ( f rom whatever t h e  source)  are, i n  f a c t ,  a s o l u b i l i t y  c l a s s  (F igu re  1 )  
and t h a t  t he  d e f i n i t i o n  i s ,  i n  f a c t ,  an o p e r a t i o n a l  one; t h a t  i s ,  asphal tenes a r e  
s o l u b l e  i n  l i g h t  aromat ics such as benzene o r  t o l u e n e  and i n s o l u b l e  i n  l i g h t  
p a r a f f i n s  such as pentane, hexane, heptane, e t c .  

by t h e  p a r t i c u l a r  p a r a f f i n  used t o  p r e c i p i t a t e  them f rom t h e  benzene-soluble p o r t i o n  
o f  t h e  feed. Thus, t h e r e  a r e  pentane-asphal tenes,  hexane-asphaltenes, heptane- 
asphal tenes,  and so on w i t h  t h e  y i e l d  o f  p a r a f f i n - i n s o l u b l e s  decreas ing w i t h  
i n c r e a s i n g  carbon number o f  t h e  p a r a f f i n  (9,10,11). For example, whereas l i q u i d  
propane w i  11 p r e c i p i t a t e  app rox ima te l y  50% o f  Athabasca bitumen as "asphal tenes"  t h e  
y i e l d s  o f  asphaltenes u s i n g  n-pentane, n-heptane and n-decane a re  1796, 11% and 9%. 
r e s p e c t i v e l y  ( l o ) ,  w i t h  ve ry  l i t t l e  d i f f e r e n c e  i n  t h e  amount p r e c i p i t a t e d  f o r  h i g h e r  
m o l e c u l a r  weight  n - p a r a f f i n s  ( 1 0 , l l ) .  However, i t  must be s t ressed  t h a t  t h e  a d d i t i o n  
of a minimum o f  40 volumes of t h e  l i q u i d  hydrocarbon i s  r e q u i r e d  f o r  com l e t e  
p r e c i p i t a t i o n  o f  t h e  asphal tene f r a c t i o n ;  use o f  much lower  p r o p o r t i o h e  
p r e c i p i t a t i n g  medium may l e a d  t o  e r r o r s  n o t  o n l y  i n  t h e  de te rm ina t ion  o f  t h e  amount 
of asphal tenes i n  t h e  crude o i l  b u t  a l s o  i n  any ensuing de te rm ina t ion  o f  com ound 
types i n  t h e  asphal tene f r a c t i o n .  For example, when i n s u f f i c i e n t  proport'i&kthe 
p r e c i p i t a t i n g  nedium a r e  employed, r e s i n s  are adsorbed o n t o  t h e  asphal tenes f rom t h e  
superna tan t  l i q u i d  and can be re leased  l a t e r  by r e p r e c i p i t a t i o n  (12). 
q u e s t i o n a b l e  i s o l a t i o n  techniques th row s e r i o u s  doubt on any conc lus ions  drawn f rom 
any subsequent work wi th  t h e  i s o l a t e d  m a t e r i a l .  

I n  sho r t ,  t h e r e  a r e  many shor tcomings i n  t h e  methods desc r ibed  f o r  t h e  
s e p a r a t i o n  of asphal tenes and t h e  techn iques  employed f o r  such endeavors a r e  o f t e n  
q u i t e  d i ve rse ,  i l l - d e f i n e d ,  d i f f i c u l t  t o  i n t e r r e l a t e  and d i f f i c u l t  t o  app ly  t o  t h e  
wide v a r i e t y  of complex m a t e r i a l s  t h a t  f a l l  i n t o  t h e  c l a s s i f i c a t i o n  o f  pet ro leums,  
bitumens and res idua  ( 1 3 ) .  

The present  d e f i n i t i o n  o f  asphal tenes i s  based on t h e  s o l u t i o n  p r o p e r t i e s  

I n  a d d i t i o n ,  t h e r e  a l s o  has been a growing tendency t o  c l a s s i f y  asphal tenes 

Thus, 
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600 t o  6000 by t h e  c ryoscop ic  method (21,22,23,24); 900 t o  2000 by v i s c o s i t y  
de te rm ina t ions  (16,25,26); 1000 t o  4000 by l i g h t  a d s o r p t i o n  c o e f f i c i e n t s  (27) ;  1000 
t o  5000 by vapor p ressu re  osmometry (28,29); and 2000 t o  3000 by an i s o t o n i c  (30) or 
equal vapor pressure (31) method. Thus, i t  i s  e v i d e n t  t h a t  t h e  n a t u r e  of t h e  
asphal tenes i s  not  conducive t o  t h e  d e t e r m i n a t i o n  o f  "abso lu te "  mo lecu la r  we igh ts  by 

\ 

i 

A f a i r l y  comprehensive s tudy o f  asphal tene mo lecu la r  we igh ts  by vapor 
p ressu re  osmometry (32) shows t h a t  t h e  mo lecu la r  weights  o f  va r ious  asphal tenes a r e  
dependent not on l y  on t h e  na tu re  o f  t h e  s o l v e n t  bu t  a l s o  on t h e  s o l u t i o n  temperatures 
a t  which t h e  de te rm ina t ions  were performed. 

f o r m u l a t i o n  o f  mo lecu la r  s t r u c t u r e s  o f  asphal tenes no t  o n l y  i n  terms o f  degree but  
a l s o  i n  terms o f  t h e  causes o f  t h e  v a r i a t i o n  i n  t h e  range o f  mo lecu la r  weights .  
Thus, t hose  methods which may i n v o l v e  i ncomp le te  p r e c i p i t a t i o n  o f  t h e  asphal tenes o r  
which a l l o w  t h e  i n c o r p o r a t i o n  o f  r e s i n  m a t e r i a l  i n t o  t h e  asphal tene n o t  o n l y  l e a d  t o  
e r r o r s  i n  e s t i m a t i o n  o f  t h e  composi t ion o f  crude o i l s  b u t  a l s o  l e a d  t o  e r r o r s  i n  
de te rm in ing  t h e  mo lecu la r  types which a r e  predominant i n  t h e  asphaltenes. 

rev iew o f  t h e  methods which have been employed f o r  t h e  d e t e r m i n a t i o n  o f  asphlatenes 
i n  petroleum, heavy o i l s ,  bitumens, and res idua  w i t h  s p e c i a l  emphasis on t h e  
a p p l i c a b i l i t y  o f  t hese  methods. I n  a d d i t i o n ,  t h e  i n f l u e n c e  o f  t h e  method o f  
s e p a r a t i o n  ( o r  p u r i f i c a t i o n )  on t h e  mo lecu la r  weight  o f  t h e  asphal tenes i s  examined 
i n  some d e t a i  1. 

Obvious ly ,  a l l  o f  t hese  obse rva t i ons  a r e  o f  some s i g n i f i c a n c e  i n  t h e  

1 
It i s ,  t h e r e f o r e ,  t h e  i n t e n t i o n  o f  t h e  p resen t  paper t o  p r o v i d e  a s e l e c t i v e  

EX PER I MENTAL 

Asphaltenes were i s o l a t e d  f rom Athabasca bitumen i n  t h e  manner desc r ibed  
elsewhere (10) and i n v o l v e d  r e p r e c i p i t a t i o n  of t h e  asphal tenes from benzene (19: 1 
m l . )  by n-pentane (40 volumes) o r  by n-heptane; i n  a d d i t i o n  t h e  asphal tenes rece ived  
a d d i t i o n a l  " p u r i f i c a t i o n "  by r e p e t i t i o n  of t h e  r e p r e c i p i t a t i o n  procedure. I n  a 
separate experiment, p y r i d i n e  was used i n s t e a d  o f  benzene f o r  t h e  f i r s t  and 
subsequent r e p r e c i p i t a t i o n  procedures. The u n t r e a t e d  asphal tenes were a l s o  
con t inuous ly  e x t r a c t e d  (Soxh le t )  f o r  24 hours (by which t ime  t h e  e x t r a c t s  were 
c o l o r l e s s )  w i t h  n-pentane. 

RESULTS AND DISCUSSION 

Asphaltene Separa t i on  

Asphaltenes a r e  dark brown t o  b lack  f r i a b l e  s o l i d s  t h a t  have no d e f i n i t e  
m e l t i n g  p o i n t  and, when heated, u s u s a l l y  intumesce, then  decompose l e a v i n g  a 
carbonaceous res idue.  They a r e  ob ta ined  f rom petro leums and b i tume s by a d d i t i o n  of 
a nonpolar  s o l v e n t  hav ing  a sur face t e n s i o n  lower  t h a n  25 dynes cm-' a t  25 degrees 
Ce ls ius  (such as l i q u e f i e d  pet ro leum gases, t h e  l o w - b o i l i n g  pe t ro leum naphthas, 
pe t ro leum e the r ,  pentane, iso-pentane, hexane, and he l i k e )  bu t  a r e  s o l u b l e  i n  
l i q u i d s  hav ing a Surface t e n s i o n  above 25 dynes 
d i s u l f i d e ,  carbon t e t r a c h l o r i d e ,  and benzene (10,33). 

such as p y r i d i n e ,  carbon 
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The standards f o r  aspha l tene  d e t e r m i n a t i o n  have been p r e s c r i b e d  i n  exact 
d e t a i l  but  t h e r e  are, obv ious l y ,  many v a r i a t i o n s  t h a t  can be employed w i t h o u t  even 
c o n s i d e r i n g  t h e  v a r i a t i o n s  i n  p r e c i p i t a n t  (Tables 1 and 2). 
s u b s t i t u t i o n  o f  n-heptane by n-pentane as t h e  p r e c i p i t a t i n g  medium f o r  asphal tenes 
may, i n  i t s e l f ,  no t  appear as a s i g n i f i c a n t  change i n  t h e  method, t h e  respec t i ve  
y i e l d s  of asphal tenes w i l l  d i f f e r  markedly  (10). There have been s t r o n g  arguments i n  
favo r  of e i t h e r  p r e c i p i t a n t  and have v a r i e d  f rom t h e  "complete" p r e c i p i t a t i o n  of 
asphal tenes by n-pentane t o  t h e  p r e c i p i t a t i o n  o f  "pure"  asphal tenes by n-heptane. I n  
t h e  l a t t e r  case, t h e  " p u r i t y "  o f  t h e  asphal tenes i s  cons idered t o  be secured by t h e  
l ower  mo lecu la r  weight  asphal tenes ( o r  h i g h e r  mo lecu la r  weight  r e s i n s ? )  remain ing i n  
s o l u t i o n .  Obvious ly ,  t h e  p u r i t y  o f  t h e  p r e c i p i t a n t  w i l l  a l s o  a f f e c t  t h e  y i e l d  o f  
asphal tenes as w i l l  t h e  p r e c i p i t a n t  t o  o i l  r a t i o  (10) .  

Other predominant e f f e c t s  which i n f l u e n c e  t h e  y i e l d  (and q u a l i t y )  o f  t he  
asphal tenes a r e  (a)  use o f  a s o l v e n t  t o  s o l u b i l i z e  t h e  o i l  p r i o r  t o  p r e c i p i t a t i o n ;  
(b)  t h e  r a t i o  o f  s o l v e n t  t o  p r e c i p i t a n t ;  ( c )  t h e  r a t i o  o f  o i l  t o  p r e c i p i t a n t ;  and (d) 
t h e  con tac t  t i m e  o f  t h e  asphal tenes t o  supernatant  l i q u i d .  
asphal tenes my be d i f f i c u l t  t o  o b t a i n  i n  terms o f  exac t  q u a n t i t a t i v e l y  rep roduc ib le  
amounts i f  t h e  p r e c i p i t a n t  i s  a p p l i e d  d i r e c t l y  t o  c e r t a i n  heavy o i l s  and res idua,  
i .e. i t  i s  a c t u a l l y  employed t o  l each  s o l u b l e  m a t e r i a l  f rom t h e  mass (12). On t h e  
o t h e r  hand, i f  ( i n  t h e  absence o f  a s o l v e n t )  t h e  o i l / p r e c i p i t a n t  r a t i o  i s  t o o  l o w  
(e.g. 1:20) a s i t u a t i o n  a r i s e s  i n  which t h e r e  i s  p a r t i a l  s o l u b i l i z a t i o n  o f  t h e  
asphal tenes (10,12) because o f  t h e  e f f e c t s  o f  t h e  s o l u b l e  o i l  components and, hence, 
t h e r e  i s  t h e  need f o r  s tandard  methods t o  recommend r a t i o s  o f  t h e  o r d e r  o f  1:40. The 
y i e l d  o f  asphal tenes i s  c l o s e  t o  t h e  asympto t i c  l i m i t i n g  va lue when t h e  r a t i o  o f  o i l  
t o  p r e c i p i t a n t  i s  i n  excess o f  1:20 (12)  b u t  i f  a s o l v e n t  i s  used t h e  minimum r a t i o  
r e q u i r e d  i s  1:40 (i.e. o i l :  s o l v e n t :  p r e c i p i t a n t  = 1:1:40) the reby  ensuing e f f i c i e n t  
asphal tene separat ion.  

Thus, a l t hough  t h e  

. 

' 
With rega rd  t o  (a), 

F i n a l l y ,  w i t h  rega rd  t o  (d) ,  t h e r e  i s  a l s o  f ragmentary ev idence t h a t  ( f o r  
Athabasca b i tumen) ,  when t h e  asphal tenes a r e  a l l owed  t o  remain i n  c o n t a c t  w i t h  t h e  
supernatant  l i q u i d  f o r  pe r iods  i n  excess o f  8 hr., a d s o r p t i o n  o f  r e s i n  m a t e r i a l  w i l l  
occur  from t h e  l i q u i d  on to  t h e  asphal tenes and can be d i f f i c u l t  t o  remove by washing 
on t h e  f i l t e r  pad (12). 
of t h e  asphal tene p a r t i c l e s  a r e  a l s o  recommended (Tables 1 and 2) bu t  c a u t i o n  i s  
adv i sed  i f  t h e  s o l u t i o n s  a re  t o  be h o t - f i l t e r e d .  An i n c r e a s e  i n  temperature can 
cause a decrease i n  t h e  s o l u b i l i t y  o f  a s p h a l t i c  m a t e r i a l  i n  t h e  hydrocarbon (10 )  
the reby  adding " r e s i n "  m a t e r i a l  t o  t h e  asphal tene p r e c i p i t a t e .  

Thus, w h i l e  t h e  acceptance o f  a genera l  method o f  asphal tene de te rm ina t ion  
w i l l  be d i f f i c u l t ,  i t i s  t h e  on ly  means by which exac t  comparisons o f  pub l i shed  data 
can be made. Th is  would r e q u i r e  t h e  use o f  h i g h  p u r i t y  s o l v e n t s  as w e l l  as 
r e c o g n i t i o n  of t h e  i n t r i c a c i e s  o f  t h e  method. Th is  l a t t e r  i s  p a r t i c u l a r l y  impor tan t  
a t  a t i m e  when heavy feedstocks a r e  o f  i n c r e a s i n g  s i g n i f i c a n c e  and a t  a t i m e  when 
most researchers have m o d i f i e d  an a l r e a d y  e x i s t i n g  techn ique  t o  s a t i s f y  d i f f e r e n c e s  
i n  feedstock c h a r a c t e r  o r  even a v a i l a b i l i t y  o f  m a t e r i a l s .  

c u r r e n t l y  i n  use makes t h e  es tab l i shmen t  o f  a s tandard  method o f  asphal tene 
d e t e r m i n a t i o n  a lmost  impossib le .  
p r e c i p i t a n t  w i th  o r  w i t h o u t  a s o l v e n t  (e.g. t o l u e n e )  a l t hough  pentane i s  s t i l l  
f r e q u e n t l y  advocated as t h e  p r e c i p i t a t i n g  meidum wh i le ,  s u r p r i s i n g l y ,  i n  o t h e r  than  
i s o l a t e d  r e p o r t s  hexane has no t  r e c e i v e d  t h e  same a t t e n t i o n  as i t s  two immediate 
ne ighbors  i n  t h e  homologous se r ies .  Obvious ly ,  t h e  problem needs t o  be reso lved  so 
t h a t  comparisons o f  p u b l i s h e d  da ta  can be made on a f a i r  bas i s .  
t h a t  heptane i s  r e c e i v i n g  i n c r e a s i n g  acceptance as t h e  p r e c i p i t a n t  f o r  t h e  
d e t e r m i n a t i o n  o f  asphal tenes i n  pet ro leums,  heavy o i l s ,  bitumens, and res idua.  

Other e f f e c t s  such as t h e  use o f  heat t o  cause coagu la t i on  

I n  summary, t h e  complex n a t u r e  o f  t h e  m u l t i t u d e  o f  feedstocks t h a t  a r e  

The c u r r e n t  p r a c t i c e  i s  t o  employ heptane as t h e  

I n  f a c t ,  it appears 
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mo lecu la r  weights (above) and some q u e s t i o n  as t o  whether o r  n o t  t h e  values d e r i v e d  
by t h e  var ious methods a re  abso lu te  (15). 
one p a r t i c u l a r  method a r e  r e a l  (32) bu t  t h e  reasons f o r  t h i s  v a r i a t i o n  have remained 
specu la t i ve .  There has a l s o  been some s p e c u l a t i o n  about t h e  m o l e y l a r  weight  
v a r i a t i o n s  induced by t h e  presence o f  adsorbed o r  occ luded " r e s i n  ma te r ia l * .  
f ac t ,  t h e  data r e p o r t e d  h e r e i n  (Table 3) a f f o r d s  very s t r o n g  ev idence t o  suppor t  t h e  
c o n t e n t i o n  t h a t  r e s i n  m a t e r i a l  i s  occ luded w i t h i n  t h e  asphal tene m a t r i x  d u r i n g  t h e  
p r e c i p i t a t i o n  procedure. 
m a t e r i a l  g ives r i s e  t o  h i g h e r  mo lecu la r  weights  o f  t h e  p u r i f i e d  asphaltenes. It i s ,  
Of course, presumed t h a t  t h e  use o f  pentane th roughou t  as t h e  c o n t r o l l i n g  medium d i d  
n o t  cause l o s s  ( o r  removal) o f  any lower  mo lecu la r  weight  asphaltenes. 

There has been cons ide rab le  d i s c u s s i o n  on t h e  v a r i a t i o n  o f  asphal tene 

The v a r i a t i o n s  i n  t h e  data ob ta ined  by any 

I n  

I n  each case, t h e  removal o f  l ower  mo lecu la r  weight  r e s i n  

I n  a d d i t i o n ,  t h e  use o f  heptane as t h e  p r e c i p i t a t i n g  medium (Table 3 )  a l s o  
produced an asphal tene f r a c t i o n  t h a t  was contaminated by r e s i n  (heptane-solub le)  
m a t e r i a l  and which a l s o  i n f l u e n c e d  t h e  mo lecu la r  we igh t  o f  t h e  f r a c t i o n .  Again, 
r e p r e c i p i t a t i o n  ( t h r e e  t imes  w i t h  heptane) removed t h i s  m a t e r i a l  thereby causing a 
Cise i n  t h e  observed mo lecu la r  weights. 

3)  i n  t h e  manner no ted  p r e v i o u s l y  (32); i .e. s o l v e n t s  o f  h i g h  d i e l e c t r i c  constant  
decrease t h e  observed mo lecu la r  weights .  

c h a r a c t e r i s t i c s  depending upon t h e  n a t u r e  o f  t h e  s o l v e n t  i s  a l s o  t r u e  f o r  a s e r i e s  o f  
h i g h e r  molecular  weight  f r a c t i o n s .  
t h e  r e s u l t s  w i t h  these p a r t i c u l a r  (Athabasca) asphal tenes and w i t h  asphal tenes 
a v a i l a b l e  from o t h e r  crude o i l s  (32) suggest t h a t  m o l e c u l a r  we igh t  v a r i e s  w i t h  
d i e l e c t r i c  constant  o f  t h e  so l ven t ,  t h e r e  may be o t h e r  f a c t o r s  n o t  y e t  i n v e s t i g a t e d ,  
which may, i n  p a r t ,  a l s o  c o n t r i b u t e  t o  t h i s  phenomenon. 

Obviously, t h e  major  f i n d i n g  i s  t h a t  r e s i n s  occ luded w i t h i n  t h e  asphal tene 
d u r i n g  t h e  separa t i on  procedure a f f e c t s  t h e  apparent  s i z e  o f  t h e  asphal tene 
"molecules" i n  va r ious  so l ven t .  The concept t h a t  asphal tenes re lease  t h e  f i n a l  
v e s t i g e s  o f  t h i s  r e s i n  on l y  upon s w e l l i n g  by a s o l v e n t  such as p y r i d i n e  i s  a l s o  
worthy o f  note. I f  t h e  s t r u c t u r a l  t ypes  i n  pe t ro leum a r e  a c t u a l l y  a continuum o f  t h e  
same t y p e  from one f r a c t i o n  t o  another  ( e s p e c i a l l y ,  i n  t h i s  con tex t ,  f rom t h e  r e s i n s  
t o  t h e  asphal tenes)  t h e r e  i s  l i t t l e  t o  be i n f e r r e d  f rom t h i s  s tudy  o t h e r  than  t h e  
i n f l u e n c e  o f  degree o f  assoc ia t i on .  On t h e  o t h e r  hand, i f  t h e  s t r u c t u r a l  types vary 
from t h e  r e s i n s  t o  t h e  asphaltenes, i t  may be necessary t o  re-assess t h e  
d i s t r i b u t i o n ,  and even t h e  concepts, o f  mo lecu la r  types t h a t  have been proposed 
he re to fo re .  

I n  summary, it i s  obvious t h a t  asphal tenes a r e  d i f f i c u l t  t o  d e f i n e  even 

F i n a l l y ,  t h e  mo lecu la r  weights  o f  t h e  
p u r i f i e d "  asphaltenes a l s o  v a r i e d  w i t h  t h e  s o l v e n t  used f o r  t h e  d e t e r m i n a t i o n  (Table 

Is 

The tendency o f  asphal tenes t o  e x h i b i t  a s s o c i a t i o n / d i s s o c i a t i o n  
\ 

However, it should be noted here t h a t  a l though 

I 

when a s tandard method o f  p r e c i p i t a t i o n  i s  employed. 
recommended procedures (Tables 1 and 2)  may a l l  have some i n f l u e n c e  no t  o n l y  upon t h e  
y i e l d  but  a l s o  upon t h e  chemical na tu re  o f  t h i s  complex f r a c t i o n .  Indeed, t h e  
mo lecu la r  weight s tudy r e p o r t e d  h e r e i n  i n d i c a t e s ,  t o  some degree, t h e  major  
v a r i a t i o n s  t h a t  can occu r  i n  t h i s  r e l a t i v e l y  "s imple"  m o l e c u l a r  parameter. 
t h e r e f o r e ,  obv ious t h a t  asphal tenes a r e  no t  on l y  a complex chemical f r a c t i o n  bu t  a l s o  
a complex phys i ca l  f r a c t i o n  t h a t  i s  ex t reme ly  d i f f i c u l t  t o  d e f i n e  whether they  a r i s e  
f rom petro leum (33,34,35) o r  coal  l i q u i d s  (36). 

The many v a r i a t i o n s  i n  t h e  

It i s ,  

* Pentane-soluble m a t e r i a l  and i t  i s  presumed t h a t  analogous phenomena would 
be observed f o r  hexane-p rec ip i t a ted  o r  h e p t a n e - p r e c i p i t a t e d  asphaltenes. 
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Table 1 

Analy t ica l  Procedures for the Determination o f  Asphaltenes us ing Heptane 

Test No. /T i t le  

I P  143157 
Normal Heptane 
Insolub les 

ASTn 03219-16 
Normal Heptane 
Insolub les 
(9124116) 

IP 143177 
Asphaltenes Pre- 
c i p i t a t i o n  
w l t h  Normal 
Heptane 

Proposed 
Methods for 
Asphalt COm- 
pos i t i on  
Analysis (&In)  
(Hay, 1977) 

Sol vent (s) 

n-Heptane 
>99+ mol% 
(Pure grade) 

n-Heptane 
99 min mol% 
(Pure grade) 

n-Heptane, 
Toluene (o r  
Benzene) 

n-Heptane 
99+ mol% 
Pure grade 

sample/Soluti on Sol v E l g m  

Sl ight ly /No/  100 ml nC7/gm 
Warm For 
F i l t e r i n g  

51 i g h t l y l  
Ref 1 ux 

Heated 

100 m l  nCl/gm 

NoIRef l u x  30 ml nCl/gm 

I f  needed/ 
Yes 

100 m l  nC7/1 ml 

Standing 
Time 

1 hour 
cool ing 

1 hour 
cool ing 

- 

COO1 
f o r  
1.5-2.5 
h r  i n  
dark 

Over- 
n ight  

273 



Table 2 

Analy t ica l  Procedures f o r  t he  Determination o f  Asphaltenes us ing Pentane 

Test No./Tit le Solvent(sL 

ASTM 0893-69 n-Pentane 
(Procedure A) Comnercial 
Inso lub les i n  grade 
Used Lubr i ca t i ng  
O i  1 s (10/3/69) 

Syncrude n-Pentane. 
Ana ly t i ca l  Method Commercial ; 
f o r  Asphaltenes Benzene, ACS 
i n  Bitumen reagent 

ASTM 02006-70 n-Pentane 
Charac te r i s t i c  Commercial 
Groups i n  
Rubber Extender 
and Processing 
O i l s  by Pre- 
c i p i t a t i o n  
Method (2/27/70) 
(Discontinued) 

ASTM 02007-75 n-Pentane 
Charac te r i s t i c  Comnercial 
Groups i n  
Rubber Extender 
and Processing 
O i l s  by t h e  
Clay-Gel 
Adsor t i o n  
Ch r om%t og r a p h i  c 
Method (8/29/75) 

Sample/Soluti on S 0 l v ~ / g m  s t a g y  
Heated 

To 6515OC t o  10 m l  nC5/gm 3 hour 
suspend a l l  M X .  
so l i ds ,  f i l t e r  
through 150 m 
before adding 
so1 ventlroom 
temperature 

I f  necessary f 1 m l  Bz/gm 2 hours 
no 40 m l  nC5/gm 

VesINo 

No/ Yes 

50 ml nC5/gm 15 
hours 

10 m l  nC5/gm 30 min. 

Table 3 

Var ia t ion of Molecular Weight of Pentane-Precipitated Asphaltenes 

Asphaltenes 

Pentane 

rep rec ip i t a ted  (1) 
r e s i n  

reprec i  p i t a t e d  (3) 
r e s i n  

rep rec i  p i  t a t e d  (1)'" 

pentane ext racted 
r e s i n  

Heptane 

rep rec i  p i  t a ted  (x3) 
r e s i n  

wt.2 

100 

93 
7 

89 
13 

87 
13 

90 
10 

100 

92 
8 

So1 vent' 
C6H6 

4050 

5120 
710 

8710 
797 

13390 
940 

8450 
845 

6850 

8560 
1050 

Molecular Weight 
CH2Br2 CgHgN C&N02** 

2730 

3380 

5810 

8800 

6740 

4320 

6890 

2310 

2590 

_- 

_- 

3580 

4310 

1610 

2010 

2640 

2850 

2820 

2670 

2880 

Asphaltene concentrat ion:  2.5 w/u; temperatue 37°C 
** Extrapolated values from data derived a t  lOO'C, 115°C and 13OoC 

*** Pyr id ine used instead of benzene 
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